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Abstract

In this sub-project, we aim to investigate the treatment of solid
radioactive waste treatment and waste management techniques by
summarizing the achievements and experience of the radioactive waste
treatment techniques from Europe, US and other developed countries. It
was focused on the following parts:

1.

The estimation of the quantity of solid radioactive waste in the
decommissioning.

Study the status-of-the-art of solid radioactive waste treatment
techniques for the decommissioning.

Investigate the minimization techniques of the large of amount
solid radioactive waste from decommissioning of nuclear power
plant.

We also proposed a proper management technique for solid
radioactive waste treatment for nuclear power plant
decommissioning.
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22 PP HPA RS RAL 2 SRR P IL R FIZ AR

221 2R g 24 R ¢ i% 5/US Nuclear Regulatory Commission
Regulation
2211 ¥ & 'ﬁ% =¥ p| Consolidated Decommissioning Guidance
NUREG-1757 Vol. 1, Rev. 2
17.5 ',!rt 3t E st AR R 7 =3 § (Decommissioning Plan:
Radioactive Waste Management Program)

17.5.1 F %9 sdid Bk 3 $ (Solid Radioactive Waste)
%%%&@ﬁﬂéiﬁﬁ%ﬁ%ﬁ@ﬁﬁﬁﬁﬁﬁm@ﬁ%
Henp enE L ;Ef%@‘q‘@:ﬁgf%é(licensee)i& Dk E IR R D
SN EES R R AU RS TSRS T R B
& NRC eh& Foiplt T PR EIL FL B BAg E

AL TSR

2 A ® Acceptance Criteria

F®& & F# © Information to be Submitted

1% % % Evaluation Findings

iz ¥ % Evaluation Criteria

it e}
()
~

& JFFELAE s (licensee) eHF TSI - E
2+ 34 7f + £ NRC % 10 CFR Part 20, Subpart K, 10 CFR 61.55,

61.56, 61.57 and 71.5 1 & F o

17



# 5= %% Sample Evaluation Findings
NRC R 1 ¢ Ak LRI 5 - # 175F & F A8 g

IR S A R g 123§ 2 P (Decommissioning

Consolidated Guidance, Volume 1,Section 17.5 -
“Decommissioning Plan: Radioactive Waste Management

Program”) o
*+4%G Appendix G

10.0 2zt gx 3 47 ¢ 23+ % (Radioactive Waste Management
Program)

10.1 #Hf8- <& B+ Solid Radioactive Waste
NRCR 1 7 2 £ 38 4w g cnF R b 1 A 3 1 F 123+
ERP AmER B R 62 R 2 8% 1R ER Y -

PL7E5E SO BEAF PRV R)F LA LT H )

R LA D TR P F P S LR SR
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2212 Pt en® 2 4oty RFF A3 4] NMSS (Nuclear

Material Safety and Safeguards) Decommissioning Standard Review
Plan

NUREG-1727 Rev0 9/15/00
12.0 Radioactive Waste Management Program
12.1 Solid Radioactive Waste

# % & % Acceptance Criteria

# #.2 & Regulatory Reguirements

* 10 CFR Part 20, Subpart K, 10 CFR 61.55, 61.56, 61.57, 71.5
* 10 CFR 30.36(g)(4)(ii), 40.42(g)(4)(ii), 70.38(g)(4)(ii) and
72.54(9)(2)

31z % % Evaluation Findings
3+ iz #= & Evaluation Criteria
A1 s Fesni oo sk & 48 F 30 n B R st A 3 2
*g 12 % £ NRC 10 CFR Part 20, Subpart K, 10 CFR 61.55,

61.56, 61.57 and 71.5:1& .
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http://www.abbreviationfinder.org/cn/acronyms/nmss_nuclear-material-safety-and-safeguards.html

= f FMEHER S AR
% NEA(Nuclear Energy Agency) i 2003 & 4-4+4% = f‘q"f R 4

HURIL 2 Rl feif REAY B AR Y 0 40 RS -

-~

RS ks feant B8 v B U B T R R ik 55
B R RE B HERT TR RIT A ek LR A A
BB B (dok L9r7) & AR fmT s
il §AZE 650 c Bt X 2o B Ao MHFEfcE L oI
PEE2 1R RFAE-BLF > HEERIX10% 2 Y %
Mo Aok b 8~13% i & A > Bk F A £ 5~13% > F
PR 1 AfrRa A 4253 24% > H WP FATELG A F A
91506 0 o SRR A fert bl E R g B R R AL R E
B ERRBF I REGHERAAE L 2 2 afle

12 f6F feB'5 P T30R A 4730~ RJL 2 Al b1 & 4 )

2. ) (NEA, 2003)

F ok BT 1 #7 (%) Iz Ll (L)
BWR 33 23
PWR 30 23
VVER 25 17
PHER 34 43
GCR 25 43
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3.1 % & RAANAR AR

! Operation | Decommissioning Reutilization of site |

Treatment and disposal

of waste

a8e.101s ajes
Buipuewsiq

sieal QT 03 S Inoqe

_—_ Reuse of site

UMOPINYS JUBUBWIDY
|any Juads j0 |enoway
uoljeuIweIu033q WwasAs

— N Ca.30 years

Source: Report from Nuclear Energy Subcommittee , Advisory committee for Natural Resources

and Energy, January 1997

W1 EEFT R f i~#2 5 [K.Ishigure, Radioisotope Association]

BrE AR AR B e BT 0 A & R BT & AR AR (7D
L

§He e

i

P HRBESRE B

ole

ARG e

L

e
T

SH
o

HIEB %2 44 gﬁé.gfib’% :ﬁﬂiléi%:’r] Lmw f%ﬁﬂjﬂﬂi%@f%ﬁ%iﬁf
BEAY  NEFRAGEEREDEEL 2 P HHR AN ALY T §

S SRR E E SRR X SR CO N

ST B P F TR A A R

1. B d 4 el 5 foid B 2 BB e 3t

21



2. BPHOBFRATERA  FHRER S OELARR
3. kAR
4. BRAIFFFERFRELLR

5. YR A ARFE TR AL LT N

AT Mg BB AR A TR ARA G R B

FEH SRR NOFERR L PN FREY RFAY AT A

'g AL

?‘ZHBE'/]?‘ 17 °

4

32 IpMBERFhEL ~ B2 AN

Hb B e 3T F LR A 2 b B b R A
B2 AR ASE A RS 2 Sk o R AR 2 R (H
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SRS 5 7 -

Mo~ PR R A S MR R RS S R R RS RR S 2

A 2 it R 4 2 4 5 (IAEA, 2009)

& PR IAEA%% Yo 24K 0 VA B SR A

Very LowLevel
Waste (VLLW)

Low Level Waste
(LLW)

Intermediate Level
Waste (ILW)

High Level Waste
(HLW)

Radioactivity

contains very
limited
concentrations of
long-lived
radioactive
isotopes with
activity
concentrations
usually above the
clearance levels

contains limited
concentrations of
long-live
radioactive
isotopes but has
high radioactivity

contains long-live
radioactive isotopes
that will not decay to
a level of activity
concentration
acceptable for near
surface disposal

contains levels of
activity
concentration high
enough to generate
significant
quantities of heat
by radioactive
decay or with large
amount of long-live
radioactive isotopes

Examples of concrete rubble, clothing, glass, fuel rod casing, debris of spent fuel
waste source soil building materials | reactor vessel part
Isolation engineering near surface shallow disposal at deep geological

surface landfill

disposal at depth
up to 30 meters

depth from a few
tens to a few hundred

formulations

meters
Need shielding | No No Yes Yes
Need cooling No No No Yes

pteb s B R 3 g 4% (The International Atomic Energy Agency,

poli=g)> ST - QA

IAEA) = :IéS—“/T‘ TR A S

L7 A% e s woic s g AR AR AT hF iE 2]

)
N

R A i U el T
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2.8 A1 iR R U de IR TR MER
3.7 F B AL Ty LA A L

A ST RS e R S Fe: R
R G R B R 2 P P R R S A R
A S O  BR R A dp B RSP AR R A 00k a0ty S R 4
FEB ML 07 M H O R P R Ty R R R R
d I BALAB-Cx£CEr o

%3 LWF ¢ nF AR RATAEL Y O AR P R
(P. Woollan, 2006)

B Fe 1y e %K

1200 800 900 1000 | 1000 | 1000

R4
Lot 5 /MW PWR | BWR | PWR | BWR | PWR | BWR

6100 | 6000

25 #£3F (7R ),m*/m ~ ~ 6300 | 7500 | 21700 | 40000
11000 | 20000

R R ;f;»/m3 6900 | 12400 [ 6700 | 15000 | 15200 | 16300
@R 13000 | 18400

/ ~ ~ 13000 | 22500 | 36900 | 56300

3
(3 {7+ iX)/m 17900 | 32400

d 43¢ > 40LW L 2 ERAE PWR 2 BWR 3+ 5 25 &
ST R R TR R RN T Ea s R A RN R

FIEP RS R AR PRTAZ BRI FRE LT 5
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£ 7 % o 4 4 7)1 Maine, Connecticut Yankee 2 Rancho Seco #*% i~

'—h

WwAEY AL LKA aE B AR~ 2RI 2

BATIE B 4

-n\q.

i ABEAH d 1T G & G

%4 = B ‘E‘:Eﬁ"f e gk 8 % #p ks 7 £ (Richard McGrath,
2012)
% [y 2R Maine Connecticut Rancho Seco
kg/m® | Yankee m® Yankee m* m?®
1972/860 1967/691 1975/913
B 4 (> /MWe-Type
MWe- PWR MWe-PWR MWe-PWR
EES L
ERPIT "$ 1,142 57,240 88,240 11,400*
2 SR Included w/
1,142 28,820 15,390 Building
Demolition
Included w/
% % (Commodities) 327 32,000 Building 5,850
Demolition
Misc. Class A 1,142 N/A 331 N/A
AN 118,660 104,201 17,240
B/IC #g 1,142 2,190 1,150 93
GTCC N/A N/A N/A 11
2 N/A 120,850 105,350 17,344

Richard McGrath, TaiPower & EPRI Decommissioning Technical Workshop, 2012

g M A £ R

bl 3 & fBA R Jr P 7
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7
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t»L,—,}__;ﬂ s B 7 1) Aéﬁf&. 97.5%12 + > _ﬁéﬁf_ﬁ:g 7’:}‘_;;,] %"K,’j,\ L ¢ 5 d

B F AR 2

Fg 0 A - A

% 5 2 ®iE {7 40 & % ?)&"% ot A 4 g £ (P. Woollan, 2006)

&R oIk 5% R
Pt 4B 3
A % B % C# Az C#f /m
PWR 98.0 1.2 0.1 0.7 18000
BWR 97.5 2.0 0.3 0.2 19000

6 %53 b F B ETAL SRR 3£ (K Ishigure)

Category of BWR PWR GCR

Radioactivity Level (1,200 MW) | (1,200 MW) | (1,100 MW)

Low Level L1 0.008 0.02 0.16
L2 0.085 0.17 0.85
L3 1.2 0.40 0.81

&3+ 1.3 0.6 1.8

Not necessary to be

treated as radioactive

(below clearance level) 52 4 48.9 17.4

+
non radioactive

Radioactivity relatively high L1 sub-surface disposal
relatively low L2 concrete pit disposal
extremely low L3 trench disposal
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%7 {E R PWR 2 BWR“,% T 4 ol

H i+t (P. Woollan, 2006)
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(1) Classical Oxidation-Reduction Process (i# tv3 - & /2
CORD)
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2L A rFraniha B %5 424 2 vt i (P Kinnunen, 2008)

PWR decontamination

Process LOMI CAN-DECON HP CORD UV
Process steps | Chemicals | Process steps Chemicals | Process steps | Chemica
in solution in solution Isin
solution
Preoxidation | AP-Oxidation | MnO, AP-Oxidation MnO, HP-Oxidation | MnO,
©KMnNO, K* OKMnNO,AP) | K : HCro,
NP Oxidation | HCrO4 injection ©HMNO,
©OHNO+ By NP ©Circulation HCrO, injection
KMnO, I(')Ii(idation ©Discharge or ©Circulation
©Circulation | 1K€ o to transition
©Discharge AP+NO3 gtep
or goto
transition
step
Transitionto | ©H,C,0, C,0,” ©H,C,0, C,0,” No specific
dissolution injection cr* injection cr* action
step ©Circulation ©Circulation
©Discharge ©lon exchange
or
©lon
exchange
Dissolution ©LOMI V»(pic); | ©EDTA EDTA, CORD C,0,”
step(deconta | reagent(V”(pi | Fe”(pic)s | ©Citric acid C3;HsO(C | decontaminat | Cr*
mination) ¢)s) injection 00)* ion:
©Circulation ©H,C,0,
injection
©Circulation
©lon
exchange(Act
ivity
Ni%* Mn?* Fe?
)
Cleaning ©Discharge ©Discharge to uv
to waste waste Decompositio
©Intermedia © Intermediate n:
te storage or storage or ©H;0;
©lon ©lon exchange injection
exchange ©Circulation
©lon
exchange(Cr®
)

AP = Alkaline permanganate

NP = Nitric acid potassium permanganate

50




Developed by Electric Power Atomic Energy of Siemens
(Licensor): Research Institute Canada Ltd

(EPRI) (AECL)

Process:
Licensee: PN-Services Siemens
(Westinghouse) (Areva)
Key solvent: Vanadonous Citric acid Oxalic acid
picolinate EDTA
Oxalic acid

W3 w5 “,% 5 Fopezo vt i (P. Kinnunen, 2008)
VRS KU ey SulP R 2 SN A0 SER AE N E AN
A EE HoT A RF T ﬁ“%"iﬁ@i“f gAY
1P B e B o

3012 3RO TRGRART B RIS ER Y 2k - [T (512 42, 2011)

i TR EAE . SRR E R S 2
Big Rock Point USA EPRI DFD #% &
Connecticut Yankee USA HP/CORD D UV #2 &
Maine Yankee USA EPRI DFD #z %
Trojan USA EPRI DFD #z %
Barseback Sweden HP/CORD D UV #2 &
Jose Cabrera Spain EPRI DFD #% %
Obrigheim Germany HP/CORD D UV #% &
Stade Germany HP/CORD D UV #& %
BR3 Belgium HP/CORD D UV #& %
VAK Kahl Germany HP/CORD D UV #& %
B Japan HOP #z &

% B Japan T-Ozon #2 /&
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Technique Large Segmented | Building
volume parts surface
and closed and
systems structures

Chemical decontamination
Chemical solutions X X X
Multiphase treatment processes X X
Foam decontamination X X
Chemical gels X X X
Decontamination by pastes X X
Decontamination by chemical fog X X
Gas phase decontamination X
Mechanical decontamination
Flushing with water X X X
Dusting/vacuuming/wiping X X
scrubbing
Strippable coatings X X X
Steam cleaning X X
Abrasive cleaning X X
Sponge blasting X X
CO2 blasting X X
High pressure liquid nitrogen X X
blasting
Freon jetting X X
Wet ice blasting X X
High pressure and ultra high X X X
pressure water jets
Grinding/shaving X X
Scarifying/scabbling/planning X
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Milling X
Drilling and spalling X
Expansive grout X
Paving breaker and chipping X
hammer
Other decontamination techniques
Electropolishing X X
Ultrasonic cleaning X
Melting X
Emerging technologies
Light ablation X X
Microwave scabbling X
Thermal degradation X
Microbial degradation X X
Electromigration X
Exothermic, highly metalized X
powders
Supercritical fluid extraction X
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